Mild cognitive impairment (MCI) is a modifiable risk factor in progression of several diseases including dementia and type 2 diabetes. If cognitive impairments are not reversed at an early stage of appearance of symptoms, then the prolonged pathogenesis can lead to dementia and Alzheimer's disease (AD). Therefore, it is necessary to detect the risk factors and mechanism of prevention of cognitive dysfunction at an early stage of disease. Poor lifestyle, age, hyperglycemia, hypercholesterolemia, and inflammation are some of the major risk factors that contribute to cognitive and memory impairments in diabetic patients. Mild cognitive impairment was seen in those individuals of type 2 diabetes, who are on an unhealthy diet. Physical inactivity, frequent alcohol consumptions, and use of packed food products that provides an excess of cheap calories are found associated with cognitive impairment and depression in diabetic patients. Omega fatty acids (FAs) and polyphenol-rich foods, especially flavonoids, can reduce the bad effects of an unhealthy lifestyle; therefore, the consumption of omega FAs and flavonoids may be beneficial in maintaining normal cognitive function. These functional foods may improve cognitive functions by targeting many enzymes and molecules in cells chiefly through their antiinflammatory, antioxidant, or signaling actions. Here, we provide the current concepts on the risk factors of cognitive impairments in type 2 diabetes and the mechanism of prevention, using omega FAs and bioactive compounds obtained from fruits and vegetables. The knowledge derived from such studies may assist physicians in managing the health care of patients with cognitive difficulties. memory functions, information-processing speed, attention, and executive functions and language comprehension [14] . Diabetic patients with MCI show greater decline in information processing speed than non-diabetic individuals [15] , [16] . They possess lower levels of general intelligence [17] with loss of attention capacity [16] . These studies show a mechanistic link between the cognitive dysfunction, AD, and type 2 diabetes. AD is the most common type of dementia that occurs in diabetic patients, followed by vascular dementia (VD), which is the second most common illness associated with this type of metabolic disease. In addition, type 2 diabetes can cause cerebrovascular disease leading to vascular cognitive impairment. Hippocampus and medial temporal lobe structures, responsible for the formation of new memories, showed histological atrophy in patients with MCI [18], [19] . Although the population-based studies have found the role of diabetes in the progression of MCI, these studies failed to find an association between MCI and AD. A detailed insight on the mechanisms of cognition complication and periodic assessment of these conditions are recommended in all patients suffering from type 2 diabetes in order to develop effective strategies for prevention and treatment of the disease.
Introduction
Cognition is the physiological process of acquiring and understanding the information received from sensing the environment and making judgment accordingly. Cognitive impairments affect the quality of life including social and professional activities [1] . Cognitive impairment associated with diabetes has been of serious concern to physicians worldwide. Diabetes mellitus, if not managed, may increase the risk of cognitive impairment and dementia [2] . Evidences suggest that type 2 diabetes increases the risk of progression of mild cognitive impairment (MCI) to dementia and Alzheimer's disease (AD) [3] . Although MCI may not cause difficulty in self-management activities in many patients, however, long-term cognitive dysfunctions or the progression of this condition may increase the risk of developing AD and affect cognitive system differentially [4] . MCI is the progressive step toward the occurrence of dementia and AD [5] , [6] , which can also be listed as one of the complications of diabetes [7] . Several studies have shown an association between diabetes and cognitive dysfunction, as the cognitive behavior deteriorates faster in diabetic patients [8] , [9] . The cognitive behavior deteriorates faster in diabetic patients compared to non-diabetic elderly ones [10] , [11] . A greater decline in cognitive function in diabetic patients ultimately affects the interconnecting pathways including insulin signaling, neuroinflammatory pathways, depression, and mitochondrial impairments [12] . The presence of cognitive dysfunction can further deteriorate the conditions like vision impairment, hearing loss, physical disabilities, and chronic pain, and difficulty in performing self-care [13] . The diabetic group performed significantly worse on
Age, hyperglycemia, and MCI
The prevalence of cognitive impairments increases significantly with age of the individual. Age and certain lifestyle-generated diseases including type 2 diabetes and AD are the primary risk factors for cognitive decline. Age was inversely related with performance on tasks for memory and information-processing speed in type 2 diabetic patients [14] . During aging, the increased oxidative stress, hyperglycemia or hypoglycemia, insulin resistance, and deposition of amyloid-β protein in the brain are all the important risk factors for cognitive impairment [8] . Type 2 diabetes can accelerate age-related cognitive decline, making patients especially susceptible to cognitive impairment and dementia. Such patients may have reduced performance on numerous domains of cognitive function. The increased vulnerability of cognitive impairments and dementia with age was correlated with early life stress that alters brain structure and functions [28] . Hyperglycemia was suggested as the strongest risk factor for developing cognitive impairment [29] . Individuals with chronic hyperglycemia accelerate the production of advanced glycation end-products (AGEs) that accumulate in the blood and tissues [30] . The formation of AGEs takes place by the Maillard reaction. In this reaction, the glucose reacts non-enzymatically with the amino group of proteins with the resultant production of a Schiff base that rearranges into Amadori compounds [31] . The AGEs are made by very slow irreversible dehydration and condensation reactions of these Amadori adducts. Hyperglycemia-mediated AGE production, together with oxidative stress, was regarded as the factor that can degenerate neurons and damage vascular endothelium leading to impairment in cognitive function [32] . Recent evidence showed a direct association between the accumulation of AGEs and development of diabetic vascular complications [33] . Even in non-diabetic individuals the impaired glucose tolerance poses a critical risk factor for cognitive dysfunction [8] . Such patients with impaired glucose tolerance exhibit lower mini-mental status examination (MMSE) [34] and increased incidence of AD [35] in comparison to individuals with normal glucose tolerance. However, the pathophysiology of this relationship is unclear, and more work is required to identify the impact of hyperglycemia on the risk of cognitive impairments.
Hypercholesterolemia, inflammation, and MCI
Hypercholesterolemia and hypertriglyceridemia were associated with the increased risk for AD [36] . However, the impact of hypercholesterolemia and other lipid disorders noted in patients with type 2 diabetes on AD pathogenesis is less known. Human studies relating hypertriglyceridemia to AD are not sufficient to provide concluding evidence, while animal studies suggest that high plasma triglyceride levels may lead to deposition of β amyloid in mouse models of AD [37] . Diabetic patients with advanced age and hyperlipidemia were at increased risk of transitioning to AD [38] . Other studies reported that elevated lipid profiles do not contribute to decline in cognitive behavior [39] . It is unclear if the hyperlipidemia in diabetic patients contributes to cognitive decline or having risk of developing AD. Thus, further clinical studies on the impact of hyperlipidemia or hypercholesterolemia on the risks of cognitive impairments and AD in diabetic subjects needed to elucidate the role and mechanism by which these factors contribute to the progression of neuropathology.
The various pathological conditions in diabetic patients may cause elevated levels of pro-inflammatory cytokines in the specific regions of the brain. These pro-inflammatory mediators are responsible for severe inflammation in brain tissue that affects the synaptic plasticity and, thus, long-term memory [40] . Several studies showed that high-fat diet and consumption of high amounts of carbohydrate may induce cognitive deteriorations accompanied by an increase in neuroinflammatory markers in the hippocampus region of the brain [41] . Short-term duration and chronic high-fat-diet (HFD) feeding was shown to cause cognitive impairment and neuroinflammation in mice [42] . The reduction in inflammatory markers, thus, may provide therapeutic potential in the treatment of diseases associated with neuroinflammation. However, very few studies were performed on the alleviation of cognition deficits by protecting neurons from inflammation injury in diabetic subjects.
Unhealthy lifestyle and MCI
Lifestyle diseases occur in people primarily because of their inappropriate daily habits and inappropriate relationship with their environment. Remarkable changes in lifestyles combined with age and diabetes increase the prevalence of cognition decline [43] . The severity of diabetes reflects the risk of MCI, thus, a poor lifestyle can be regarded as the major risk factor for MCI as well as diabetes [44] . The risk factors for younger adults will vary from older adults as the older people will have multiple chronic conditions that may increase the risk of MCI [45] . Thus, preventive strategies for younger adults will vary from those of the older adults. In older adults, the preventive therapy for MCI may need to begin in midlife and continue until appearance of symptoms. A number of studies were suggested for the possible link between type 2 diabetes and cognitive impairment with lifestyle of the people [22] , [20] . Poor dietary habits and obesity can lead to an increase in cognitive and mood dysfunctions, suggesting a strong association between the diet and disease [46] . The molecular mechanism describing how consuming HFD can lead to cognitive impairments was reviewed [47] . These authors and others showed that HFD and obesity cause systemic inflammation that leads to inflammation in the hypothalamus region of the brain [48] . Excess circulating free FAs reach the brain and lead to increased expression of innate immune cytokines. The free FAs and cytokines initiate local inflammation in the specific regions of the brain, including microglial proliferation [47] . Other studies also demonstrated that short-term consumption of high saturated fat and/or high sugar, triggers neuroinflammatory processes [41] , [49] . Activated microglia within the brain structures may initiate the production of pro-inflammatory molecules such as interleukin-1 β (IL1β), IL-6, and tumor necrosis factor-α (TNF-α). These pro-inflammatory molecules can sensitize and damage neurons, thus affecting both the cognition (hippocampus) and emotion (hypothalamus, amygdala, prefrontal cortex, and others) abilities of individuals. Consequently, the inflammation-induced synaptic dysfunction and neurodegeneration within the brain regions result in the loss of cognitive function leading to memory impairments and/or depression-like behaviors.
Barnes and Joyner [50] showed that unhealthy diet is associated with lower cognitive scores [50] . There is a close link between the physical inactivity and cognitive decline leading to the progression for dementia [51] . The incidence of MCI in diabetic patients having a poor lifestyle is several times higher than the nondiabetic patients. Thus, by improving the lifestyle, the risk and the progression of MCI can be prevented in diabetic patients. A study by Yomamoto et al. [52] suggested that lifestyle intervention has a beneficial effect on cognitive decline in elderly people with type 2 diabetes [52] . Another study by Hu et al. [53] supports the hypothesis that the majority of cases of type 2 diabetes could be prevented by the adoption of a healthier lifestyle [53] . The study also suggests that overweight or obesity was the single most important predictor of diabetes and unhealthy lifestyle associated with a significantly increased risk of diabetes, even after adjustment for the body mass index [53] . These data not only show the correlation of MCI with diabetes but also that the risk of MCI with the possibility of dementia is greater in the diabetic patients having an unhealthy lifestyle.
Possible intervention strategies to improve cognitive function
The alterations in synaptic transmission and plasticity that occur during the pathogenesis of disease or normal aging process are the chief causes of the decline of cognitive functions [54] , [55] . Thus, the treatment strategies for the prevention of cognitive decline during aging or diseases should involve the modulation of synaptic function and neuronal survival. Lifestyle interventions consisting of physical exercise and calorie-restricted diets and consumption of healthy fruits and vegetables led to a lowered incidence rate of cognition decline [46] . Healthy nutrients and foods such as functional foods may have potential health benefits in individuals with MCI. The use of functional foods in the prevention and management of diseases steadily increased over the past few decades. The functional foods derived from vegetables, cereals, and fruits may act as promising therapeutic agents. Such foods consist of polyphenols, terpenoids, flavonoids, alkaloids, sterols, pigments, and unsaturated FAs that play an important role in maintaining wellness and contribute to preventing cancer, depression, obesity, asthma, and cognitive decline [56] , [57] . These foods act by various modes in the cells chiefly by enhancing antioxidant activity, anti-inflammatory, cellular signaling, improved insulin sensitivity, and reduced resistance [58] . Among the functional foods, the dietary omega FAs and flavonoids comprised the greater part in the management of cognitive impairment.
Omega fatty acids
Dietary consumption of foods rich in omega FAs may help in improving the cognitive functions of the brain. Arachidonic acid (AA, 20:4 omega-6) and docosahexaenoic acid (DHA, 22:6 omega-3) are the main omega-6 and omega-3 long-chain polyunsaturated FAs (PUFA) synthesized in the brain from linolenic acid (LA, 18:2 omega-6) and α-linolenic acid (ALA, 18:3 omega-3), respectively. Both omega-6 and omega-3 regulate fundamental neurobiological processes that are involved in cognition and mood [59] , [60] . As the brain possesses limited capacity to synthesize long-chain PUFA, therefore, dietary supplement and increased consumption of DHA-rich products may be beneficial in improving cognitive functions. Omega-3 and omega-6 FAs are found in green vegetables, seeds and nuts, coconut, palm, flax, and walnuts. The regulatory roles of DHA and AA in the modulation of neurotransmission and neuroinflammation, as key processes in cognition and mood, were recently reported [60] . Omega-3 FA reduces inflammation, regulates neurogenesis, and counters damage caused by oxidative stress, thus aiding in neuroprotection [61] , [62] . Supplementation of omega-3 FAs caused improvement in cognitive performance in rats [63] and improved adult's episodic memory that had mild memory problems [64] . Although most of the studies on the effect of omega 3 FAs on the performance of cognitive functions were conducted using animal models [63] , only a few epidemiological studies are reported in humans for the beneficial effects of omega 3 FAs on age-related improvement in cognitive functions [65] , [66] . In a human intervention trial study involving patients with mild memory complaints, DHA/EPA-rich fish oil was supplemented at a dose of 1.75 g [67] . These studies reported the advantageous effect of supplementation of fish oil in stopping the progression of AD in an age group of >60. However, the effects of DHA/EPA in ameliorating the MCI in older people remain to be established. The supplementation of 240 mg/day of AA and DHA, or 240 mg/day of olive oil, respectively, to human amnesic patients with MCI showed a considerable improvement in the immediate memory and attention score [68] . To date, the effective dose that can be used safely to ameliorate the decline in MCI by patients with diabetes was not worked out [69] . Thus, a more comprehensive study addressing the dose at which omega FAs improves or protects the cognitive function in type 2 diabetes may be planned in the future.
Polyphenols
Polyphenols are naturally occurring secondary metabolites of plants widely distributed in tea, wines, vegetables, fruits, and cereals and are the most important part of the human diet. Foods rich in polyphenolic compounds were shown to exert benefit in the prevention of the age-related cognitive decline [70] . In most of the cases, type 2 diabetes and cognitive impairments are associated with inflammation and oxidative stress; therefore, strategies should be oriented toward the reduction of oxidative stress and toward the reduction of vulnerability to damage by inflammatory mediators. Many colorful fruits and vegetables are rich source of polyphenolic compounds that have potent antioxidant and anti-inflammatory activities [71] . Preclinical studies in humans confirm the reduction of neuroinflammation and oxidative stress in the brain of those individuals who have taken a diet rich in polyphenolic-rich foods.
Flavonoids encompass the most important group of polyphenols with protective properties against neurodegenerative [72] , [73] and cardiovascular diseases [74] , [75] . Flavonoids are represented by six major subclasses: flavonols, flavones, flavanones, flavanols, anthocyanins, and isoflavones. The number and arrangement of the hydroxyl groups in their ring and their extent of alkylation and/or glycosylation make individual differences within each group. Flavonoids are universally found in fruits, vegetables, cereals, teas, and wines, and their intake protects individuals against many diseases including cognitive decline during aging [70] (Table 1 ). 
Rhamnazin Flavonol derivatives
Rhamnus petiolaris (buckthorn plant) [27] , [103] After entering into the gastrointestinal tract, the flavonoids are metabolized by interacting with several enzymes to their respective metabolites, which go into the bloodstream. Flavonoids or their metabolites may cross the blood-brain barrier and, thus, reach the brain tissue [104] . In human studies involving 50-to 69-year-old healthy subjects, the intake of a diet rich in cocoa flavanol was shown to enhance the cognitive abilities [105] . In a double-blind crossover study of 30 young adults between age groups, 18-35 were given 520 mg of cocoa flavonol [106] . At this dose, significant improvements in working memory were obtained relative to the control. The main flavanol constituent found in green tea is the epigallocatechin gallate (EGCG). In a double-blind, placebo-controlled crossover study, green tea, 135 mg and 270 mg doses of EGCG extract were administered. However, at these doses, no beneficial effect on cognitive function was noted [107] . Age-related motor and cognitive deficits were significantly reversed by extracts of blueberry or strawberry [108] . The polyphenols present in berry fruits have many actions in cells including reducing inflammation and oxidative stress by their antiinflammatory and antioxidant activities [109] . Blueberry supplementation rich in anthocyanidins has shown to improve cognitive function in healthy older adults [110] suggesting that regular dietary consumption of berry fruit may be an effective strategy to prevent cognitive dysfunction. In a small crossover study with 14 children, the supplementation of fresh whole blueberries (200 g, 143 mg anthocyanins) for 2 h produced no effects on executive function tasks; however, an improvement in delayed word recall after was found [111] . In a doubleblind, placebo-controlled, crossover study, the effects of blueberry doses (127 mg and 253 mg anthocyanins) on cognitive functions in children were investigated [112] . Their results showed that blueberry in the highest dose (253 mg anthocyanins) improved immediate word recall after 1.25 h. The molecular mechanism of the principal bioactive component found in blueberry was worked out. The blueberry extracts were found to decrease nuclear factor-κB (NF-κB) in the brain levels in aged rats compared to the controls [113] suggesting that flavonoids exert their protective actions through cellular signaling pathways especially on the NF-κB activity [114] . Strawberries exhibit antioxidant and anti-inflammatory activities that protect the brain from neurochemical and behavioral alterations. It improves the memory processes in aged rats [108] and prevents the effects of aging on neuronal signal transduction [115] . Grape juice consumption was shown to improve the memory performance in older humans [116] . The extracts of the berries are enriched in polyphenols, in particular, in flavanols, anthocyanins, and resveratrol. The effects of cherry flavonoids (300 mL cherry juice contains 55 mg anthocyanins) on the improvements of MCI were analyzed in younger, older adults, and older adults with MCI. After 6 h of supplementation, the task switching function was improved in older adults [117] . Orange juice prepared by adding flavanone-rich orange pulp to get the desired total flavonoid content (272 mg; 220.46 mg hesperidin, 34.54 mg narirutin) when supplemented to middle aged adults showed improvement in psychomotor performance after 2 h and 6 h and improvements in attention and general executive function after 6 h [118] , the regular consumption of which facilitates the identification of their functional and behavioral effects. Blackberry and mulberry supplementation to aged rats [119] and in senescence-accelerated mice [120] improved age-related memory deficits. These studies show that adequate consumption of flavonoid/polyphenol-rich fruits and vegetables was found to be associated with the prevention of cognitive decline in humans [121] , [122] .
Mechanism of action of flavonoids
The mechanism of action of flavonoids in neuronal cells was not well illustrated. Flavonoids or their metabolites, upon reaching the brain, may bind to several receptors including γ-aminobutyric acid type A receptor (GABAa), nicotinic cholinergic receptors, adenosine receptors, estrogen, and testosterone receptors [123] . However, due to inadequate understanding on their metabolism and mechanism of action on neuronal cells, flavonoids have not yet been effectively used in therapy to cure brain-related disorders. To fully explore the usefulness of these natural compounds for the treatment of nervous system-related disorders, a critical knowledge of the molecular mechanisms of action is important. The major mechanisms of action of flavonoids on improving cognitive functions are summarized in Figure 1 . The flavonoids target many enzymes and molecules in the cells chiefly through their (i) anti-inflammatory, (ii) antioxidant, or (iii) signaling actions. Their beneficial effect largely depends on their bioavailability in tissues or cells and preventive action against inflammation and oxidative stress. Once consumed, the flavonoids are efficiently metabolized in the body before being able to exert their beneficial effects [124] . Activating cellular signaling pathway is one of the important mechanisms of flavonoid action in neuroprotection and strengthening synaptic plasticity. Another mechanism of action of flavonoids on neuronal tissues is their ability to modulate the expression of specific genes and interaction with metabolic enzymes, and thus impacting mitochondrial activity [125] . The metabolic impairments impact amyloid metabolism, hyperglycemia, hypoglycemia, and insulin resistance. Diabetesinduced inflammatory mechanism may cause vascular impairments and increase neuroinflammation by upregulating monocyte chemoattractant protein 1 (MCP1), TNF-α, poly ADP ribose polymerase (PARP), JNK, IL-1β, interleukin 6 (IL-6), and transforming growth factor-β 1 (TGFβ1) and downregulating intercellular adhesion molecule 1 (ICAM-1), vascular endothelial growth factor (VEGF), and NF-ĸB. These changes may cause impairments in cognitive function by various lesions such as cerebral ischemia, dementia, and neurodegenerative diseases. The dietary omega-3 fatty acids (FAs) and flavonoids improve cognition functions by their potential to protect neurons from inflammation, potential to protect metabolic impairments, and promote neurons against vascular dysfunctions. These protective effects of flavonoids are underpinned by neuronal signaling cascades, antioxidative properties, and anti-inflammatory potential.
Anti-inflammatory effects
Continuous inflammation in the nervous system was regarded as the major cause of neurodegeneration occurring in AD and Parkinson's disease. Increased activation of microglial cells during neuroinflammation causes toxic reactive oxygen species generation. Flavonoids exert its anti-neuroinflammatory action via several mechanisms including inhibiting the inflammatory cytokines TNF-α and interleukin 1 β (IL-1β) by reducing microglial activation; inhibiting nitric oxide production by downregulation of iNOS activity; and reducing ROS generation by activated glia cells by suppressing the activation of NADPH oxidase and downregulating NF-κB pro-inflammatory transcription factor [26] , [126] . Different flavonoids target different anti-inflammatory mechanisms for protecting the brain cells. Flavonoids, found in green tea, such as epicatechin and catechin, inhibit TNF-α release but do not prevent nitric oxide production [127] . People who are consuming flavonoid-rich diet have reduced levels of inflammatory markers such as C-reactive protein (CRP) and interlukin-6 (IL-6) [128] . Dietary intake of anthocyanidins and isoflavones including blueberry anthocyanin lowers the blood levels of CRP [129] and pro-inflammatory cytokines and chemokines [130] .
Antioxidant effects
Oxidative stress during inflammation is the result of increased production of ROS such as superoxide anion, hydrogen peroxide (H 2 O 2 ), and hydroxyl radicals (HO • ) via the NAD(P)H and mitochondrial electron transport chain mechanisms [131] , [132] . These ROS are produced in a natural course by the metabolism of energy sub-strates. Energy substrates in the form of glucose or FAs when present in excess enter the Krebs cycle and produce excess mitochondrial NADH that is consequently converted to ROS [133] . Some amount of oxidative damage takes place during normal metabolism of food substrates, and the endogenous antioxidative defense system tries to repair and attenuate the damage. However, if not neutralized, the increased ROS production leads to intensive oxidative damage to neuronal tissues. Oxidative tissue damage was found to be associated with aging and age-associated cognitive decline. Dietary polyphenols including flavonoids have the capacity to diminish age-associated cognitive deficit and restore cellular damage due to their ability to activate the antioxidant defense system in the cells. Many fruits and vegetables contain an abundant amount of dietary antioxidants, and therefore, consumption of adequate amounts of such fruits and vegetables protect against oxidative damage. During senescence, a link was established between the antioxidant status and cognitive functions [134] , and the dietary fruits and vegetables are the mostly important natural source with antioxidant potential. High dietary consumption of specific polyphenols may help to preserve verbal memory during brain aging. These polyphenols can cross the blood-brain barrier and mediate neuroprotection from a variety of ailments. Resveratrol, a polyphenol found in red wine, shows potential antioxidant activity in several CNS disorders, experimental cerebral ischemia, Parkinson disease, amyotrophic lateral sclerosis, cognitive impairments, and aging [135] . Certain vitamins such as vitamins B, E, and C and omega FAs (ω-3/ω-6) and polyphenols can prevent cognitive decline [136] . Polyphenols, due to the presence of benzene ring-bound hydroxyl groups, have extensive antioxidative activity of quenching ROS [137] . Some polyphenols inhibit the major ROS-forming enzymes including monoamine oxidase or xanthine oxidase directly [137] , whereas others reduce ROS by chelating iron and copper ions rendering them inactive to participate in free radical-generating reactions [138] that can prevent neurotoxicity and cognitive decline. Some polyphenols are able to modulate the activity of sirtuins, thus, regulating mitochondrial biogenesis [139] , mitochondrial membrane potential, and mitochondrial production of ROS. Through modulation of signaling cascades including Nrf2 and NF-κB, some flavonoids induce the expression of the antioxidant and detoxifying enzymes in the cells, thus, increasing chances of cell survival [140] . Understanding of the dynamic beneficial effects of these dietary substances may play a role in designing therapy in improving cognitive function thus reducing the risk associated with aging and neurodegenerative disorders.
Cellular signaling molecules
The cognitive functioning requires tight regulation of neuronal growth and synaptic metabolism. At a gene level, the polyphenols interact with neuronal and glial signaling pathways that affect gene expression and interfere with programmed cell death [141] . Signaling pathways involved during the inflammation in most cases increase IL-1 and tumor necrosis factor (TNF-α) receptor families in cells (Figure 1 ). Activation of these receptors cause the activation of mitogen-activated protein kinases (MAPK) such as extracellular response kinases (ERK 1/2), jun N-terminal kinase (JNK), p38 MAPK, and inhibitor of nuclear factor κB kinases (IKK). These signaling proteins are involved in the activation of transcription factors such as activation protein (AP-1) and cAMP response element-binding proteins that promote expression of pro-inflammatory genes [142] . Interaction of flavonoids with the extracellular signal-regulated kinase (ERK) pathway protects neuronal tissues from apoptosis [72] . The glycosidic flavanone, hesperidin, was found to stimulate the differentiation of progenitor cells in brain in vitro and prevent cell death via the MAPK and PI3K pathway activation pathway [143] . Through the inhibition of NF-κB and MAPK phosphorylation, the 0.2 to 1 μM concentration of 4′-O-methyl (−)-epicatechin and its glucuronide and EC-4′-O-sulfate caused the attenuation of the adhesion of monocytes to endothelial cells [144] . Quercetin was shown to bind with PI3K and inhibits the AP-1 and suppression of NF-κB activation [145] . This flavonoid was found to protect β cells from the damage induced by cytokines [146] . Citrus flavanone, hesperetin was found to activate ERK1/2 in cortical neurons, which subsequently leads to the activation of the CREB transcription factor. In brain, the activation of CREB is considered important in supporting the synaptic plasticity [147] and protecting neuronal survival. Studies showed that flavanol (−) epicatechin exerts its signaling by increasing the expression of the AMPA receptor (AMPAR) GluR2 subunit and initiates CREB phosphorylation [148] . Flavanone found in citrus fruits activate the Akt/PKB pathway and subsequently inhibits apoptosis by inactivation of apoptosis signal-regulating kinase 1 (ASK1), Bad, caspase-9 and caspase-3 [149] . These data suggest that flavonoids protect neuronal tissue against toxicants, aging, etc., by activating the cell signaling survival pathway.
Polyphenols have pronounced positive impact on nitric oxide signaling mediating various cell functions. While the normal production of NO is associated with cell signaling, its overproduction is associated with an increase in inducible NOS (iNOS) stimulation, which is toxic to cells. Polyphenols also positively influence NO signaling via brain-derived neurotrophic factor (BDNF) in regulation of neuronal survival and differentiation [150] . The inhibition of endothelial nitric oxide synthase (eNOS) was found to be associated with the cognitive decline especially spatial learning deficits [151] . The inhibition of eNOS was shown to reduce the flow of blood to the brain, which was suggested to contribute to cognitive decline [152] . Flavonol and flavone classes of flavonoids such as quercetin and luteolin, respectively, were found to activate eNOS [153] . Experiments in an animal model also showed that modulation of NO levels via regulated expression of NOS may protect against aging, memory loss, and as well as cognitive tasks relating to learning and memory [154] . Thus, the ability of flavonoids to upregulate the eNOS and downregulate the iNOS must be utilized to protect the cognitive function. Clinical trials and human studies on the usefulness of polyphenols in maintaining the homeostasis of cognitive and memory functions during various neurodegenerative diseases are still at the incipient stage. Similarly, the quest for exploring the question of the beneficial effect of flavonoids in relation to the improving behavioral functions in individuals of different age groups is still going on.
Conclusions
Diabetes and associated cognitive impairment greatly affect the quality of life in all age groups. Diabetic patients reduced their capacity to defend against the oxidative stress and show increased activation of inflammatory pathways in cells. The increased burden of oxidative stress and increased inflammation in the body put people at increased risk for cognition dysfunction and neurodegeneration. The occurrence of cognitive impairment and changes in behavior significantly decreases the quality of life of diabetic patients. Proper dietary management can prevent occurrence of MCI in type 2 diabetes patients, thus improving the quality of life. The correct diagnosis of cognitive impairments during the initial phase of the disease can be helpful in timely treatment. Thus, there is an urgent need of understanding the pathophysiology of the disorder and to identify molecular targets and pathways that might lead to improved therapy in the future. Based on the studies and our observations, it can be concluded that an unhealthy lifestyle, such as improper diet and physical inactivity, may be the major risk factors for MCI especially in diabetic patients. The therapeutic medicine for the treatment of such disorders was a much-discussed problem in recent years. Natural products derived from plants such as polyphenols, especially flavonoids, found in berries or other dark-colored fruits and vegetables, may protect brain cells against the damaging effects of oxidative stress and neuro-inflammation, thus protecting against cognitive dysfunctions. Almost all flavonoids undergo extensive modifications and bioconversion into various metabolites once they reach the alimentary tract. Therefore, further understanding of the mechanism of bioconversion of flavonoids and concentration of metabolites at which they provide benefits for improving cognitive function is essential.
Future directions
Ongoing description clearly indicates that the exact cause of MCI in type 2 diabetes is not well known. The risk factors for MCI in such patients were not studied extensively. The healthy lifestyle response relationships with MCI outcomes are lacking. Comparison of different physical exercises on the amelioration of cognitive impairments was not conducted. Therefore, more comprehensive epidemiological studies of all age groups and treatment that relieve the symptoms of MCI in diabetic patients need to be initiated. The important questions highly relevant to the clinical problem associated with cognitive decline in type 2 diabetes include: 1) What are the factors that influence the individual metabolic or environmental stress leading to MCI in diabetic patients? and 2) What are the lapses that cause hindrance to clinicians to manage the disease even before the appearance of behavioral symptoms? Future researches may be focused on 1) the identification of unhealthy lifestyle risks associated with MCI in diabetic patients, 2) correlation of MCI with vascular diseases, stroke, heart diseases, hypertension, etc., and 3) formulating effective motivational interventions to adopt the awareness on healthy lifestyles among people. In addition, how the unhealthy lifestyle and stress mediators affect the synapses and neurons in a specific region of the brain in MCI needs to be explored. Prescribing the bioactive components with knowledge of dose, duration, and bioavailability in tissues especially in different regions of the brain are some of the critical issues that need to be addressed in the future. It is recommended to clinicians to diagnose the early symptoms of MCI and start prevention and treatment approaches at the earliest signs of clinical diagnosis.
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